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UPJOHN -1- 70/2295/02 

ALKYLTHIO- AND ALKYL S ULF INVL BEN Z IMIDAZOLE DERIVATIVES 



The present invention involves novel substituted 2- 
[monoannelated(3,4-, 4,5-, and 5,6-)pyridylalkylenesul finyl]-benzimi- 
dazoles which are useful as gastric antisecretory and cytoprotecti ve 
agents. 

5 Gastrointestinal inflammatory diseases are characterized by 

inflammation, specifically by the presence of edema, characteristic 
inflammatory c^lls (i.e., leucocytes, histiocytes, and macrophages), 
and, in some cases, necrosis and ulceration of the surface epithelium. 
These inflammatory diseases are known to be caused by a wide variety 

lo of agents present in the gastrointestinal tract which are known to 
attack the surfaces thereof, producing the inflammatory disease 
response. Such agents include micro-organisms (viruses and fungi), 
bacterial toxins, certain pharmaceutical agents (antibiotics and anti- 
inflammatory steroids), and chemical agents (bile salts, toxic house- 

15 hold chemicals). Gastric acid itself is also capable of attacking the 

stomach lining and producing an inflammatory state. 

One means of preventing or treating certain gastrointestinal 

diseases, specifically gastric diseases, is by the inhibition of 
« 

gastric acid secretion. In situations where the integrity of the 
20 gastric mucosal barrier is compromised, gastric acid secretion can 
result in erosion of the epithelial cells with consequent inflammation 
and ulceration. Inhibition of such untoward gastric acid-induced 
effects can be achieved by the administration of a pharmacological 
agent effective to inhibit gastric secretion. 
25 One class of such agents effective to inhibit gastric acid 
secretion are the gastric antisecretory prostaglandins. These sub- 
stances are known to be effective in the treatment and care of gastric 
and duodenal ulcers as a result of the inhibition of gastric secre- 
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tlon. See. e.g., U.S. Patent 3,903,297 (Robert, "Method of Jreatment 
and Prophylaxis of Gastric Hypersecretion and Gastric Duodenal Ulcers 
Using Prostaglandin Analogs"), and Robert, "Antisecretory Property of 
Prostaglandins," Prostaglandin Symposium of the Worcester Foundation 
5 for Experimental Biology 16-17 October 1967. Interscience, New York, 
page 47 (1978). Another important class of antisecretory agents are 
the. histamine H2 receptor antagonists, including raetiamide and most 
importantly cimetidlne. N-cyano-N'-methyl-N"[2-[C(5-methyl-lH-imida- 
zole-4-yl)methyl]thio]ethyl]guanidine. See, the Merck Index, 9th 
10 Edition, Appendix, page App-1 (1976). and Physician's Desk Reference. 
36th Edition, 1812-1814 (1982). 

Another means of treating such gastrointestinal diseases is 
through cytoprotection. Certain pharmacological agents have hereto- 
fore been knovm to be useful in exerting a cytoprotective effect, on 
15 the gastrointestinal tract. This cytoprotective effect is manifest in 
the ability of such compounds to treat or prevent non-traumatically- 
induced, non-neoplastic inflammatory disease of the gastrointestinal 
tract. References describing such cytoprotective effects of prosta- 
glandins are U.S. Pat, No. 4,083,998 (Robert, "Treatment of Inflam- 
20 matory Diseases of the Mammalian Large Intestine with Cytoprotective 
Prostaglandins"), Issued April 11, 1978. U.S. Pat. No. 4.081,553 
(Robert. "Cytoprotective Prostaglandins for. Use in Intestinal 
Diseases"), issued March 28. 1978, and U.S. Pat. No. 4,097.603 
(Robert. "Gastric Cytoprotection with Non-Anti secretory Doses of 
25 Prostaglandins"), issued June 27, 1978. Gastric cytoprotection is a 
distinct pharmacological property which is unrelated to gastric anti- 
secretory effects. See, e.g., Robert. U.S. Pat. No. 4,097.603, "Gas- 
tric Cytoprotection With Non-Anti secretory Doses of Prostaglandins." 
Robert. "Cytoprotection by Prostaglandins." Gastroenterology 77:761- 
30 767 (1979). Robert, "Current History of Cytoprotection." Prostaglan- 
dins 21 (supp):89 (1981). and Robert, et al.. "Cytoprotection by 
Prostaglandins in Rats." Gastroenterology, 77:433-443 (1979). Thus, 
compounds which are gastric anti -secretory agents may not be cyto- 
protective agents and vice-versa. 
35 PRIOR ART 

U.S. Patent 4.045,563 discloses certain substituted 2-[pyridyl- 
alkylenesulfinylD-benzimidazoles having gastric acid secretion 
inhibiting effects. U.S. Patent 4.255.431 discloses certain 2-(2- 
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benzimidazolyl )-pyridijies which are useful in inhibiting, gastric 
secretion* Finally, U.S. Patent 4,359,465 discloses the cytopro- 
tective use of certain heterocyclyalkylsulfinylbenzimidazoles. 
SUMMARY OF THE INVENTION 
5 The present invention particularly provides: a compound of the 

formula I, 

wherein X is 

(a) »S, or 

(b) »S0; 

10 wherein A and B are the same or different and are 

(a) hydrogen, 

(b) ^Ri. 

(c) -CORi, 

(d) -COzRi, or 
15 (e) -COzM; 

wherein Ri is Ci-C^ alkyl; 

wherein M is a pharmacologically acceptable cation; 

wherein D is a bicyclic substituent of the formula II, III, or 

20 wherein V is 

(a) =0, 

(b) =s. or 

(c) =CH2; and 
wherein n is zero or one. 

25 The carbon atom content of various hydrocarbon-containing 

moieties is indicated by a prefix designating the minimum and maximum 
number of carbon atoms in the moeity, i.e., the prefix (C^-Cj) indi- 
cates a moiety of the integer "i" to the integer "j" carbon atoms. 
Inclusive. Thus (Cl-C^) alkyl refers to alkyl of one to 4 carbon 

30 atoms, inclusive, or methyl, ethyl , propyl , butyl, and isomeric forms 
thereof. 

The compounds of the present invention may be in the form of 
pharmacologically acceptable salts. These salts are formed when at 
least one of A and Bis CO2M (with M being a pharmacologically accept- 
35 able cation). Such cations include: pharmacologically acceptable 
metal cations, ammonium, amine cations, or quaternary ammonium 
cations. 

Especially preferred metal cations are those derived from the • 
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alkali metals, e.g.. lithium, sodium, and potassium, and from the al- 
kaline earth metals, e.g.. magnesium and calcium, although cationic 
forms of other metals, e.g.. aluminum, zinc, and iron are within the 
scope of this invention. 

5 Pharmacologically acceptable amine cations are those derived from 
primary, secondary, or tertiary amines. Examples of suitable amines 
are methylamine, dimethyl amine, trimethylamine. ethylamine. dibutyla- 
ra ne trilsopropyl amine. N-methylhe^yl amine, decylamine. dodecylamine. 
allylamlne. crotylamlne. cyclopentyl amine, dicyclohe^vl amine, benzyla- 
mine. di be n2y1 amine, a-phenylethyl amine. B-phenyl ethyl amine, ethyl- 
enediamine, di ethyl enetri amine, and the like aliphatic, cycloalipha- 
tic. araliphatic amines containing up to and including about 18 carbon 
atoms, as well as heterocyclic amines, e.g.. piperidine. morphollne. 
pyrrolidine, piperazlne. and lower-alkyl derivatives thereof, e.g.. 
15 1-methyl piperidine. 

4-ethylmorpho11ne, 

1- 1sopropylpyrrolid1ne. 

2- methylpyrrol1d1ne. 

1 , 4-dl methy 1 p 1 perazi ne , 
20 2-methyl pi peri dine. 

and the like, as well as amines containing water-sol ubi 11 zing or 
hydrophillc groups, e.g. 

mono-, di-. and triethanol amine. 

ethyldi ethanol ami ne, 
25 N-butyl ethanol amine, 

2-am1no-l-butanol , 

2-am1 no-2-ethyl -1 .3-propanedi ol , 
2-amino-2-methyl-l-propanol , 
tri s(hydro)vmethyl )ami nomethane, 
30 N-phenylethanolamine. 

N-(p-tert-amyl phenyl )d1ethanol ami ne . 
galactamlne. 

N-methylglycam1ne. 
N-methyl glucosami ne . 
35 ephedrine, 

phenylephrine. 

epinephrine, 

procaine. 
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and the like. Further useful amine salts are the basic amino acid 
salts, e.g.t 

lysine and 

arginine. 

Examples of suitable pharmacologically acceptable quaternary 
ammonium cations are 

tet ramethyl ammoni urn, 

tet raet hyl ammon i urn , 

benzyl tri methyl ammonium, 

phenyltri ethyl ammonium, and the like. 

The compounds of the present invention will be named herein using 
the Chemical Abstracts numbering system (see Naming and Indexing of 
Chemical Substances for Chemical Abstracts during the Ninth Collective 
Period (1972-1976), a reprint of section IV from the Volume 76 Index 
Guide.) 

Compounds of this invention have been tested in one or more 
standard laboratory tests which demonstrate gastric antisecretory 
activity. Thus, compounds of this invention have been shown to be 
effective as inhibitors of K"*" - dependent ATP hydrolysis by isolated 
hog gastric membranes enriched with gastric(H*-K''')ATP-ase. In this 
system, 2-[ { 6-azach roroan-B-yl )methy 1 ]sul f i ny 1 -5-methoxybenzimi dazol e 
(Example 6) has been shown to be the most effective with an ED50 of 1 
x 10*5 rnolar. In a test for in vivo inactivation of (H''"-K"'')ATP-ase in 
the rat 2-[(6-azachroman-5-yl )methyl]sulfinyl-5-methoxybenzimida2ole 
(Example 6), was shown to be the most effective, having an ED5Q of 1 
mg/kg when administered subcutaneously. Further, these compounds have 
been shown to be active as inhibitors of gastric acid secretion in 
rats both subcutaneously and intraduodenally. In these test systems 
one compound was found to be the roost effective, 2-[(6-azachroman-5- 
yl)methyl]sulfinyl-5-methoxyben2imida2ole (Example 6), having an ED50 
in the rat gastric antisecretory assay, administered intraduodenally, 
of 0.7 mg per kg. 2-[(5,6,7,8-tetrahydroisoquinoline-l-yl )methyl]- 
sulfiny^-5-methoxybenzim1dazole (Example 4) exhibited an ED50 of 1.8 
mg/kg when administered subcutaneously. Compounds of this invention 
have been shown to be active as inhibitors of acid secretion in 
isolated gastric glands of the rabbit. In this system, 2-[(5,6,7,8- 
tetrahydroisoquinoline-l-yl)methyl]sulfi nyl-B-methoxybenzimi dazol e 
(Example 4) was shown to be the most effective with an ID50 of B x 
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10"7 molar. 

Certain of the compounds of this invention are preferred because 
of their long duration of action when administered parenterally (e.g., 
subcutaneously). Thus, 2-[(5.6.7,8-tetrahydroisoquinol1n.l-ylmethyl). 
5 sulfinyObenzimidazole and 2-C(5-thia-5.6,7,8-tetrahydroisoquinolin-l- 
ylmethyl)-sulfinyl]beft2imida20l when administered at 10 mg/kg 
subcutaneously inhibited rat gastric (H*+K*) ATPase activity with tl/2 
of 4 days and 2 days, respectively. 

In general, the preferred compounds of this invention are those 
10 of the formula I wherein A and B are hydrogen, X is -SO, and D is a 
bicyclic substitutent of the formula II. 

All of the compounds of this invention are useful as gastric 
antisecretory agents. 

Compounds of this invention are administered for gastric anti- 
15 secretory purposes orally, parenterally, (e.g., intravenously, 
subcutaneously. intramuscularly or intraparenterally), rectally. or 
vaginally in forms such as pills, capsules, solutions, suspensions, 
suppositories, or bougies. The compounds of this invention are 
formulated into these pharmaceutical x:omposit1ons by means known to 
20 the pharmaceutical art. 

An ordinarily skilled physician can readily determine persons 
suffering from gastrointestinal diseases characterized by the gastric- 
acid induced effects noted above. These conditions are treated using 
the compounds of the present invention. 
25 Typical dose ranges for the compounds of this invention range 
from about 0.01 ug per kg to about 250 mg per kg. preferably from 
about 0.1 to 100 mg per kg. The choice of the use. route, and 
frequency of administration of the compounds of this invention depends 
on the weight, age. and gastrointestinal disease of the patient and 
30 the particular compound employed. These decisions are readily made by 
a physician of ordinary skill in the art. 

The compounds of this invention may also exert cytoprotective 
effects. If employed for this purpose, they could be administered as 
described, for example, in U.S. Pat. 4,359,465, particularly cols. 7 
35 and 8 thereof. The doses employed for this purpose would In general 
be less than those used for gastric antisecretory effects. 

The compounds of the present invention are prepared by the 
methods depicted in Charts A-H. In the Charts, A, B. V, and 0. and n 
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are defined as described above and X is -OSO2CH3 or -CU 

Chart A depicts the general schemes for preparing the compounds 
of this invention. In scheme 1, a 2-mercaptobenzimidazole of the 
formula A-1 is reacted with a chloride or methanesulfonyl compound of 
5 the formula A-2 to yield the formula A-3 product. Compounds of the 
formula A-1 are well known and are available commercially or may be 
prepared by the method of Chart H. Compounds of the formula A-3 are 
also known or may be prepared by the methods of Charts B through G. 
The formula A-3 product, which encompasses the formula I compounds 

10 wherein X is =S, may be converted to compounds wherein X is =S0 by 
treating the formula A-3 thioether with m-chloroperbenzoic acid to 
yield the formula A-4 sulfoxide compound. One equivalent of sodium 
bicarbonate is preferably added to the reaction mixture prior to the 
. addition of the peracid to prevent decomposition of the final product 

15 by the m-chlorobenzoic acid which is formed during the reaction. 

In scheme 2 of Chart A,, a benzimidazole compound of the formula 
A-5 (wherein M is potassium, sodium, or lithium) 1s reacted with the 
chlorinated compound of the formula A-6 to yield the formula A-4 
product. The formula A-5 compounds are known and are prepared as 

20 described in U.S. Patents 4.045,563; 4,255,431; and 4,337.257; all of 
which are Incorporated herein by reference. The chlorinated compounds 
of the formula A-6 are prepared by reacting the N-oxide intermediates 
of Charts B-I with known chlorinating agents (e.g., 'POCI3, PCI 3, and 
PCI5). 

25 In scheme 3 of Chart A, a chlorinated benzimidazole of the 

formula A-7 is reacted with the formula A-8 thiol to yield the formula 
A-3 product which is converted to the formula A-4 product as described 
above. The formula A-7 and A-8 compounds are known or may be prepared 
by the methods described in U.S. Patents 4,045,563; 4,255,431; and 

30 4,337,257, using the intermediates prepared as described herein. 

In scheme 4 of Chart A, the diamino compound of the formula A-9 
is reacted with'the formula A-10 acid to yield the formula A-3 product 
which is converted to the formula A-4 product as described above. The 
formula A-9 and A-10 compounds are known or may be prepared as 

35 described in U.S. Patents 4,045,563; 4,255,431; and 4,337,257; using 
the intermediates prepared as described herein. 

The reaction of A-1 with A-2 (Chart A, scheme 1) is carried out. 
In a manner which is known in the art In suitable, preferably polar 
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solvents (such as methanol, dimethyl sulfoxide, -acetone, 
dimethyl formamide or acetone) with the addition or exclusion of water. 
It is carried out for example in the presence of a proton acceptor. 
Examples of suitable proton acceptors are alkali metal hydroxides. 
5 such as sodium hydroxide, alkali metal carbonates, such as potassium 
carbonate, and tertiary amines, such as pyridine, triethylaraine or 
ethyl diisopropyl amine. The reaction temperature can be between 0' 
and 150" C, temperatures between 50° and 100° C, and especially the 
boiling point of the solvent used, being preferred. 
10 Similar reaction conditions to those for the reaction of A-1 with 

A-2 are used in the reaction of A-7 with A-8 (Chart A. scheme 3) which 
is carried out in a' manner which is known in the art. 

The reaction of A-9 with A-10 (Chart A, scheme 4) is preferably 
carried out in polar, optionally water-containing solvents in the 
15 presence of a strong acid, for example hydrochloric acid, in 
particular at the boiling poi/it of the solvent used. 

The oxidation of sulfides A-3 is carried out in a manner which is 
known per se and under conditions with which those skilled in the art 
are familiar for the oxidation of sulfides to give sulfoxides. 
20 Possible oxidizing agents are all the reagents usually employed for 
oxidation of sulfides. In particular peroxyacids, such as for example, 
pero;?yacet1c acid, tr1fluoropero;^yacetic acid, 3,5-d1nitroperoxy- 
benzoic acid, peroxymaleic acid or, preferably m-chloropero;(yben2oic 
acid. The reaction is expediently carried out in inert solvents, for 
25 example aromatic or chlorinated hydrocarbons, such as benzene, 
toluene, methylene chloride or chloroform. The reaction temperature 
is between -70° C and the boiling point of the solvent used, but 
preferably between -30° C and +20» C (depending on the reactivity of 
the oxidizing agent and the degree of dilution). The oxidation with 
30 halogens or hypohalogenites (e.g.. with aqueous sodium hypochloride 
solution), which Is carried out expediently at temperatures between 0» 
and 30* C has also proved to be very advantageous. 

The reaction of A-5 with A-6 (Chart A, scheme 2) is preferably 
carried out in inert solvents, such as those which are also usually 
35 employed for the reaction of enulate ions with alkylating agents. 
Examples which may be mentioned are aromatic solvents, such as benzene 
or toluene. The reaction temperature is as a rule between 0° and 120° 
C (depending on the nature of the alkali metal atom M) preferably at 
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the boiling point of the solvent. For example, 1f M represents Li 
(lithium) and the reaction is carried out in benzene, the boiling 
point of benzene (80'» C) is preferred. 

Chart B depicts a method for preparing formula A-2 compounds. A 
5 methylated compound of the formula B-l{a), B-l(b), or B-l(c), (corres- 
ponding to substltuents II, III, and IV within the scope of 0) is 
treated with acetic acid and hydrogen peroxide or metachloroperbenzoic 
acid to yield the formula B-2 N*oxide. This compound is then treated 
with acetic anhydride to yield the formula B-3 acetate. This acetate 

10 is then hydrolyzed to the corresponding alcohol by conventional means 
(e.g., sodium methoxide in methanol). The formula B-4 alcohol is then 
converted to the chloride by treatment in methylene chloride with 
methanes ulfonyl chloride and tri ethyl amine. 

Chart C depicts a method for preparing compounds of the formulas 

15 B-l(a), B.l(b), and B-l(c) wherein V is =CH2 and n is one. An iso- 
quinoline compound of the formula C-1, with or without methyl substi- 
tution, is hydrogenated under strong acidic conditions using a Parr 
apparatus and 85% platinum oxide catalyst. Unsubstituted isoquinoline 
compounds may be methylated by conventional* means, e.g., by treatment 

20 with methyllithium in diethyl ether. This procedure is also described 
in Vierhapper, et al., J. Org. Chem. 40:2729 (1975). 

Chart D, E and F depict methods for preparing the oxa-annelated 
pyridine intermediates. In Chart D, a compound of the formula D-1 
(which is available commercially or can be prepared by known means is 

25 treated with ethyl bromoacetate or ethyl acrylate to obtain the for- 
mula D-2 compound wherein n is zero or 1, respectively. This compound 
is then treated successively with lithium aluminum hydride, and a 
strong acid (e.g., sulfuric acid) to the formula D-3 compound. This 
alcohol is treated with p-toluene sulfonic acid to yield the formula 

30 D-4 compound. This unsaturated compound is treated with xylene in the 
presence of a palladium-on-carbon catalyst to yield the formula D-5 
compound which is alkylated by conventional means (e.g., methyl- 
lithium) to yield the formula D-6 compound. The conversion of D-1 to 
D-5 is described in Sliwa, J. Het. Chem. 12:809 (1975). This proce- 

35 dure is modified using ethyl bromoacetate to obtain Forniula 0-6 com- 
pounds wherein n is 0. 

In Chart E, a compound of the formula E-1, a well-known and 
readily available compound, is treated succesively with mercuric 
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acetate and sodium borohydrlde to yield the formula E-2 compo.und which 
is alkylated as described above to yield the formula E-3 compound. In 
Chart F, the formula F-1 compound, which is also a well known and 
readily available compound, is similarly converted to the formula F-3 
5 compound as described above. 

Compounds of the formulas II, III, or IV wherein V is =CH2 and n 
is 0 are prepared as described, for example, in Thummel et al., J* 
Org. Chem. 42:2742 (1977) and Boger, et al., J. Org. Chem. 47:895 
(1982). 

10 Chart G depicts a method to prepare certain annelated pyridine 
intermediates to be. used in Charts B and A. A phenethyl amine of the 
formula 6-1 is reacted with acetic anhydride to yield the formula G-2 
compound. This compound is treated with polyphosphoric acid to yield 
the formula S-3 compound. This compound is treated with )ylene in the 

15 presence of a palladium-on-carbon catalyst to yield the formula G-4 
compound which is hydrogenated (e.g., by treatment under acidic 
conditions with hydrogen in a Parr apparatus in the presence of 85% 
platinum oxide catalyst) to yield the formula G-5 compound. 

Chart H depicts a method of preparing the 2-mercaptobenzimida- * 

20 zoles used in Chart A. A substituted phenyl enedi amine compound of the 
formula H-1 (such compounds are well known and readily available or 
can be prepared by known means) is treated with potassium hydroxide 
and carbon disulfide to yield the formula H-2 compound. This is also 
described in Preparation 21. 

25 Chart I depicts a method for preparing compounds of the formula I 

wherein V is S, n is 0 or 1, and the bicyclic substituent is of the 
formula B-l(a) and B-l(c). A pyridinyl ethanol or propanol of the 
formula I-l (well known, readily available compounds) is treated with 
tert-butyl dimethyl si lyl chloride in an inert solvent to yield the 

30 formula 1-2 product. This product is treated with methyl lithium to 
yield a mixture of 2- and 6-substituted products of the formula 1-3. 
The silyl group is removed by treatment with acid, e.g., hydrochloric 
acid, to yield the formula 1-4 product. Treatment of this product 
with thionyl chloride yields the formula 1-5 chloride, which is then 

35 treated with meta-chloroperbenzoic acid to yield the formula 1-6 
N-oxide. The 2- and 6- isomers are conveniently separated by chroma- 
tography at this stage. Treatment of the 1-6 N-oxide with sulfuric 
acid followed by fuming nitric acid yields the formula 1-7 nitrate. 



. 0130729 

-11- 4221.1 
Adding this product to a solution of ethanol in which hydrogpn chlor- 
ide gas has been bubbled yields the formula 1-8 chloride. Reaction of 
this product with 2-mercaptobenzoxa2ole in acetonitrile yields the 
formula 1-9 product, which is treated with sodium hydroxide in ethanol 
5 to yield the formula I-IO product. This product is then reacted as 
described in Chart B to yield the corresponding chloride, which is 
then converted to the final product as described in Chart A. 

Chart J depicts a method for preparing compounds of the formula 
B-l(b) wherein V Is S and n is 0 or 1. A compound of the Formula 0-1, 

10 which can be prepared by known means, is oxidized with meta- 
chloroperbenzoic acid to afford N-oxide J-2. This N-oxide is reacted 
with 2-raercapto-l,3-benzoxa2ole in base to give J- 3, and treated with 
sodium hydroxide in ethanol solvent to yield the cyclic thioether of 
the Formula J-4. The remaining steps starting with J-4 to the final 

15 compounds follow the same reaction procedures described in Chart I, 
i.e., I-IO to N15. 

All of the compounds of this invention are prepared by the 
procedures described above. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 The present invention is seen more fully by .the examples given 

below. 

Preparation 1 5,6 ,7 ,8-Tetrahydro-2-methyl qui no.l 1 ne 
Refer to Chart C (conversion of C-1 to C-2). 
7.8 g (54.55 mmol) of 2-methylquinoline, 40 ml 12N hydrochloric 

25 acid, and 1.00 g of platinumoxide are placed in a Parr apparatus and 
treated with hydrogen at a pressure of 50 psi. After approximately 20 
hours, the mixture is diluted with 150 ml of water, filtered through 
Celite, neutralized to a pH of approximately 8 using potassium 
hydroxide, and extracted with chloroform to yield 6.30 g of titled 

30 product. The picrate has a mp of ISS-lSg** C (See, Braun, et al. Beir, 
56:1338 (1923) mp 154* C). 

Preparation 2 5,6,7,8-Tetrahydro-2-methylqu1noline N-oxide 
Refer to Chart B (conversion of formula B-l(c) to B-2). 
1.303 g (8.86 mmol) of 5,6,7,8-tetrahydro-2-methylquinoline is 
35 dissolved in 50 ml of chloroform. To this Is added dropwise over a 
period of 5 minutes 1.800 g (8.86 mmol) of 85% of m-chloroperbenzoic 
acid. The reaction is allowed to proceed for 2 hours. Afterwards the 
mixture is poured into 300 ml of chloroform, washed twice with sodium* 
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carbonate, once with saturated brine and worked up to yield 1.254 g of 
product exhibiting an NMR peaks (CDCla. 6) at 7.00,' 2.90, 2.50. and 
1.85. 

Preparation 3 5,6,7 ,8-Tetrahyd ro-2-aceto)winethy1 qui no! i ne 
5 Refer to Chart B (conversion of B-2 to B-3). 

1.600 g (9.82 mrnol ) of the N-oxide of Preparation 2 is added to 
10 ml of acetic anhydride and the solution heated in a 100* C oil 
bath. After 30 minutes, 200 ml of crushed ice are added, the mixture 
is stirred for approximately 10-15 minutes and the pH is adjusted to 

10 approximately 8 with solid sodium bicarbonate. The mixture is 
extracted twice with chloroform, washed with brine, and worked up to 
yield 1.816 g of crude product. This mixture Is separated using low 
pressure liquid chromatography (LPLC) using ethyl acetate-Skellysol ve 
B (SSB - a commercial mixture of essentially N-hexane) to yield 0.628 

15 g of titled product exhibiting an NMR peaks (CDCI3, 6) at 7.20, 5.20, 
2.80, 2.17, and 1.80. 

Preparation 4 5.6 ,7 ,8-Tetrahydro-2-hydro;vniethyl quinol ine 

Refer to Chart B (conversion of B-3 to B-4). 
0.616 g (3.00 mmol) of the acetate prepared in Preparation 3, 10 
20 ml of methanol, and 0.75 ml (3.27 mmol) of a 25% solution of sodium 
methoxide in methanol (4.37 mol) are stirred for one hour at 25'* C 
after which It is poured into 300 ml of chloroform, washed with water, 
saturated brine, and concentrated in vacuo to yield 0.559 g of a 
brownish crystalline product. This product is used without 
25 purification in the next step. 

Preparation 5 5,6,7,8-Tetrahydro-2-chloromethylqu1noline 
Refer to Chart B (conversion of B-4 to B-5). 
Approximately 3.00 mmol of the alcohol prepared in Preparation 4, 
239 microliters (3.10 mmol) of methanesulfinyl chloride, 460 micro- 
30 liters (3.30 mmol) of triethyl amine, and 15 ml of methylene chloride 
are allowed to react for 26 hours. The mixture is diluted with 250 ml 
of chloroform, washed with water, brine, and concentrated in vacuo to 
yield 0.508 g of an orange, viscous oil. This product is used without 
purification in Example 1. 
35 Example 1 . 2-C(5,6,7,8-Tetrahydroqu1nol1n-2-yl )methyl]th1o-5- 
methoxybenzimidazole (Formula I: A is methojv, B is 
hydrogen. X is =S, 0 is the formula IV substituent. n 
is one, V is -CHj) 
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Refer to Chart A (conversion of A-1 and A-2 to A-3). 
0.508 g (2.80 minol) of the chloride of Preparation 5, 0.540 g 
(3,00 mmol) of 5-fflethoxy-2Hnercaptobenz1midazole are dissolved in 18 
ml of 95X ethanol to which is added 0.60 ml of 10 N sodium hydroxide. 
5 After warming approximately one hour in a 70** C oil bath, the product 
is worked up and separated using LPLC chromatography, using ethyl 
acetate SSB mixture (2:1) as eluant and collecting 20 ml fractions. 
Fractions 16-22 contained 0.862 g of the titled product as an oil. 
This oil exhibits NMR peaks (CDCla, 6) at 7.30, 4*30, 3.85, 3.05, 
10 2.70, and 1.85. 

Example 2 2-[(5,6,7,8-Tetrahydroquinol in-2-yl )methyl]sul f i nyl -5- 
methoxybenzimidazole (Formula I: A is methoxy, B is 
hydrogen, X is =S0, D is the Formula IV substituent, V 
is =CH2, and n is one) 
15 Refer to Chart A (conversion of A-3 to A-4). 

0.862 g (2.65 mmol) of the sulfide of Example 1, 30 ml of chloro- 
form, 0.229 g (2.73 mmol) of sodium bicarbonate, and 0.554 g (2.73 
mmol) of 85% m-chloroperbenzoic acid are reacted at a temperature of 
from 0 to 5** C. The product is worked up as in Example 1 and 
20 separated by LPLC using ethyl acetate-methanol (1800:40v/v) collecting 
20 ml fractions. Fractions 16-28 yields 0.571 g of the titled product 
as an off-white or grayish solid having a melting point of 
approximately 72** C and exhibiting an NMR peaks (CDCI3, 6) at 7.10, 
4.80, 3.80, 2.75 and 1.75. 
25 Preparation 6 N-Acetyl-phenethyl amine 

Refer to Chart G (conversion of G-1 to 6-2). 

121.18 g of phenethy 1 ami ne is dissolved in 450 ml of toluene in a 
2 1 three-necked flask. 102.09 g (95 ml) of acetic anhydride is added 
dropwise over a half hour period the temperature rises to 110*. After 
30 the addition is completed, the reaction solution temperature is 
maintained at approximately 95** C. The solvent is removed in vacuo 
and the residual oil was distilled under high vacuum (bp 160-165* 
C/lmra) to afford 156.6 g of a white crystalline solid. The product 
exhibited NMR peaks (CDCI3, 6) at 7.35, 3.45, 2.80, and 1.90. 
35 Preparation 7 3,4-Dihydro-l-methylisoquinoline 

Refer to Chart G (conversion of 6-2 to G-3). 

550-555 g of polyphosphoric acid was placed in a one liter three- 
necked flask fitted with a thermometer, mechanical stirrer, and 
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nitrogen Inlet. 65 g (0.40 mol) of the amide prepared in Preparation 
6 are added in several portions. The temperature rises to 
approximately 225-230" C during this addition. After the addition is 
complete, the reaction temperature is maintained at 180-185* C. for 2 
5 hours. The reaction mixture is allowed to cool overnight. The 
mixture Is then warmed and poured into 1.5 1 of ice water, extracted 
with ether, neutralized with potassium hydroxide. The mixture is 
extracted with diethylether and dried over sodium sulfate, filtered, 
and concentrated in vacuo to yield 33.35 g of crude product, which was 
10 distilled (bp 65-68-/1 atm) to give 24.02 g. of the titled product. 
The product exhibits NNR peaks (CDClg. «) at 7.35, 3.75, 2.80 and 
2.35. 

Preparation 8 1-Hethylisoquinoline 

Refer to Chart G (conversion of 6-3 to G-4). 

15 20.00 g (0.138 mol) of the 3.4-d1hydro-2-methylisoquinoline of 

Preparation 7, 190 ml of o-xylene, and 2.4 g of lOX palladium-on- 
carbon catalyst are heated to 150« C in a round bottomed flask fitted 
with a condensor and magnetic stirring bar. The mixture is allowed to 
stir for 2 hours, cooled to room temperature, filtered, and the solid 

20 cake washed with 30-50 ml of benzene. The xylene is removed at 60»^C 
under vacuum and the resulting yellow liquid is distilled (bp 75-77''C, 
1 atm) to yield 10.086 g of a colorless liquid exhibiting 
characteristic NMR peaks (CDCI3, «) at 2.90 and 2.40. NMR analysis of 
this product indicates that it is a 2:1 mixture of l-rnethylisoquino- 

25 line and 5,6.7,8-tetrahydro-l-methylisoquinoline. 

Preparation 9 5,6,7,8-Tetrahydro-l-methyli soquinoline 

Refer to Chart G (conversion of G-4 to G-5), 
6.60 g of the mixture of Preparation 8, 30 ml of 12 N hydro- 
chloric acid, and 0.800 g of platinum oxide catalyst are placed in a 

30 Parr apparatus at 50 psi of hydrogen gas. After approximately 4 
hours, the hydrogenation is stopped, and the product is worked up as 
described above, yielding the titled product in quantitative yield 
which exhibits NMR peaks (CDCl 3. «) at 8.25. 6.85, 2.60, 2.40, and 
1.80. 

35 Preparation 10 5.6,7,8-Tetrahydroisoquinoline 
Refer to Chart C (conversion of C-1 to C-2). 
4.335 g of isoquinoline, 30 ml of 12 N hydrochloric acid, and 
0.800 g of platinum oxide catalyst are placed in a Parr apparatus at 
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50 psi of hydrogen gas. The reaction is allowed to proceed for 
approximately 17 hours after which it is worked up as described above 
yielding 3.916 g of a yellow liquid exhibiting NMR peaks (CDCI3, 6) at 
BAO, 8.35, 7.00, 2.70. and 1.80. 
5 Preparation 11 5,6,7 ,8-Tetrahydro-l-methyl i soqui nol i ne 

(methyl ati on of C-2 product) 
2.155 9 (16.20 mmol) of 5,6,7,8-tetrahydroisoquinoline, 20 ml of 
diethylether, and 13 ml (19.50 tnmol) of a 1.5 molar solution of 
methyl lithium-lithium bromide conplex in diethylether are reacted for 
10 approximately 16 hours at 45*^ C. * The excess methyl lithium is 
destroyed by cautious addition of water, and the crude product is 
obtained by chloroform extraction. Removal of the chloroform in vacuo 
gives the crude product which is purified by LPLC (methylene chloride- 
acetone, 4:1) to give 1.00 g of product. The product exhibits NMR 
15 peaks (CDCI3, ^) at 8.25. 6.85, 2.65, 2.5, and 1.80. 

Preparation 12 5,6 , 7 ,8-Tetrahydro-l-methyl i soqui nol i ne, N-oxi de 
Refer to Chart B (conversion of B-l{a) to B-2). 
2.381 g of 1-methyl-tetrahydroi soqui nol ine, prepared as described 
in Preparation 11, 12 ml of acetic acid,- and 3 ml of a 30% solution 
20 hydrogen peroxide are reacted for approximately 6 hours after which 
one additional ml of 30X hydrogen peroxide is added. An additional ml 
of 30X hydrogen peroxide is added 14 hours later, and the reaction is 
stopped 2 hours after that. The mixture is diluted with crushed ice, 
water, the pH is adjusted to approximately 9-10 with potassium 
25 hydroxide, and the solution is extracted with chloroform, washed with 
brine, and worked up to yield 2.374 g of crude product. The final 
product (1.00 g; mp 80-83** C) is obtained by trituration with hexane 
and removed by filtration of the insoluble N-oxide product from 
unreacted starting material. 
30 Preparation 13 5,6,7 ,8-Tetrahydro-l-acetoxymethyl i soqui nol i ne 
Refer to Chart B (conversion of B-2 to B-3). 

0.499 g of the N-oxide prepared in Preparation 12, and 4.0 ml of 
acetic anhydride are heated at 100* C for 30 minutes and 140° C for 10 
minutes. The mixture is cooled, crushed ice water is added, and the 
35 mixture is neutralized with saturated sodium bicarbonate to a pH of 
approximately 8. The solution is extracted twice with chloroform, 
washed with brine, and worked up to yield a dark brown viscous oil. 
This crude product is chromatographed using LPLC with a 7:1 mixture of * 
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methylene chloH de-acetone to yield 0,3000 g of the title, compound 
which exhibits NMR peaks (CDCla, «) at 5.30 and 2.20. 
Preparation 14 5,6 ,7 ,8-Tet rahyd ro-l -hydroxymethyl 1 soqui nol 1 ne 
Refer to Chart B (conversion B-3 to B-4). 
5 0.419 g (2.04 mmol) of the acetate of Preparation 13 dissolved in 
8 ml of methanol are treated with 0.48 ml of a 25% sodium methoxide in 
methanol. The mixture is. stirred at 25" C for 30 minutes and then 
diluted with 250 ml of chloroform, washed with 75 ml of water, dried, 
and concentrated in vacuo to yield 0.286 g of a solid. This product 

10 is chromatographed using LPLC using 100% ethyl acetate as eluant, and 
collecting 15 ml fractions. Fractions 8-15 yielded 0.16 g of the 
titled white crystalline solid. This solid exhibited fWR peaks 
(CDCla, «) at 8.30, 7.00, 4.60. 2.80. 2.50, and 1.80. 
Preparation 15 5,6, 7 .8-Tetrahyd ro-l-chl ororaet hyl 1 soqui nol i ne 

15 Refer to Chart B (conversion of B-4 to B-5). 

0.106 9 (0.65 mmol) of the alcohol of Preparation 14, 58 pI (0.75 
mmol) of methanesulfonyl chloride. 111 wl (0.80 mmol) of triethylamine 
and 4 ml of methylene chloride are allowed to react for approximately 
41 hours at 25"* C after which time the mixture is diluted with 250 ml 

20 of chloroform, and extracted with water, chloroform,' and brine, dried, 
and concentrated in vacuo to yield 0.106 g of product which is used in 
Example 3 without further purification. 

Example 3 2-C(5,6,7,8-Tetrahydroisoqu1nol1n-l-yl )methyl]th1o-5- 
methojQrbenzimidazole (Formula I: A is methoxy, B is 
25 hydrogen, X is «S, 0 is the Formula II substituent, V 

is =CH2, and n 1s one) 
Refer to Chart A (conversion of A-1 and A-2 to A-3). 
0.135 g (0.75 mmol) of 5-methoxy-2-mercaptoben2lra1dazole 
(Preparation 21), 0.65 mmol of. the chloride of Preparation 15, 5 ml of 
30 95% ethanol, 150 yl (1.50 mmol) of 10 N sodium hydroxide are allowed 
to react at 70*' C for approximately 1 hour. The mixture 1s then 
diluted with 200 ml of chloroform, washed with 0.5 N sodium hydroxide, 
extracted with chloroform, washed with 1 N sodium hydroxide, saturated 
brine, the chloroform extract Is dried over sodium sulfate, concen- 
35 trated in vacuo to yield 0.228 g of the title product, an oil, which 
solidifies at 0-5' C and exhibits NMR peaks (CDCI3, 6) at 4.40, 3.80, 
2.70 and 1.75. 

^^^"y^g ^ 2-C (5 .6 ,7 ,8-Tet rahydrol soqui nol 1 n-l-yl )roethyl ]sul f 1 nyl - 
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5-methoxybenriraidazole (Formula I: A is methoxy, B is 
hydrogen, X is =S0, D is the Formula II substituent, V 
is =CH2, and n is one) 
Refer to Chart A (conversion of A-3 to A-4) . 
5 Approximately 0.228 g (0.65 mmol) of the sulfide of Example 3, 7 

ml of chloroform, 55 mg (0.65 mmol) of sodium bicarbonate, and 0,122 g 
(0.60 mmol) of an 85% m-chloroperbenzoic acid are reacted as described 
in Example 2 to yield 0.312 g of an oil. This product is 
chromatographed on LPLC using ethyl acetate-methanol (1800:60 v/v) 
10 collecting 25 ml fractions. Fractions 16-27 yield 0.155 g of the 
titled product as a gray off-white solid, melting point 134-135** C. 
High resolution mass spectrum: Calcd. for C^sHisNsO^: 341.1198; 
Found: 341.1188. 

Preparation 16 5-Methyl -6-a2achroman 
15 Refer to Chart D (conversion of D-5 to D-6). 

To 2.45 g (18.15 mmol) of 6-azachroman (prepared as described in 
Sliwa, et al., J. Het. Chem. 12:809 (1975)) in 25 ml of ethyl ether is 
added 61 ml of 1.5 M methyl lithium-lithium bromide complex. The 
mixture is heated at reflux for 17 hours and worked up as described 
20 above to yield 0.800 g of the titled compound. High resolution mass 
spectrum: Calcd. for CgH^^NO: 149.0841; Found: 149.0834. 
Preparation 17 5-Methyl -6-azachroman, N-oxide 
Refer to Chart B (conversion of B-l(a) to B-2). 
Following the m-chloroperbenzoic acid oxidation procedure of the 
25 preceding examples, and employing 0.628 g (2.44 mmol) of the product 
of Preparation 16, the corresponding N-oxide is prepared using the 
method of Chart B. The yield is 0.470 g. High resolution mass 
spectrum: Calcd. for C9HiiN02: 165.0790; Found: 155.0784. 
Preparation 18 5-Acetoxymet hyl -6-azachroman 
30 Refer to Chart B (conversion of B-2 to B-3). 

Following the procedures of the preceding examples, and those 
depicted in Chart B, the titled compound is prepared from 0.440 g 
(2.67 mmol) of the product of Preparation 17. The yield is 316 mg of 
a colorless oil. High resolution mass spectrum: Calcd. for 
35 Ci^H^jNOa: 207.0845; Found: 207.0891, 

Preparation 19 5-Hydroxymethyl -6-azachroman 
Refer to Chart B (conversion of B-3 to B-4). 

Following the procedure of the preceding examples, and employing 
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the process depicted in Chart B, the titled alcohol is prepared from 
0.315 g (1.52 mol) of the product of Preparation 18. The yield is 
201 mg of a crystalline solid. High resolution mass spectrum: Calcd, 
for CgHixNOa: 165.0790; Found: 165.0784. 
5 Preparation 20 5-Chloromethyl-6-azachroman 
Refer to Chart B (conversion of B-4 to B-5). 

Following the procedure of the preceding examples, and employing 
0.201 g (1.22 ramol) of the alcohol of Preparation 19. The crude yield 
is 248 mg of an orange oil, which was used directly in the next 
10 reaction. 

Example S 2-C(6-Azachroman-5-yl)methyl]thio-5-methoxybenzimida- 
zole (Formula I: A is methoxy, B is hydrogen, X is =S, 
0 is the Formula II substituent» V is »0, and n is one) 
Refer to Chart A (conversion of A-1 and A-2 to A-3). 
15 Following the procedures of Examples 1 and 3» and the method 
depicted in Chart A, the titled compound is prepared from 0.219 g 
(1.29 mmol) of the compound of Preparation 21 and 0.223 g (1.22 mmol) 
of the compound of Preparation 20. The yield is 0.340 g. High 
resolution mass spectrum: Calcd. for Ci7Hx7N302SK: 356.0679; Found: 
20 366.0675. 

Example 6 2-C(6-Azachroman-5-y1 )methyl ]sul f 1 nyl -5-methoxybenz- 
imldazole (Formula I: A is metho^y, B Is hydrogen, X 
is »S0, D is the formula II substituent, V is =0, and n 
is one) 

25 Refer to Chart A (conversion of A-3 to A-4). 

Following -the procedures of Examples 2 and 4, and the procedure 
depicted in Chart A, the titled crystals are prepared from 0.284 g 
(0.868 mmol) of the compound of Example 5. The yield is 195 mg. High 
resolution mass spectrum: Calcd. for Ci7Hi7ri303SK: 382.0628; Found: 

30 382.0636. 

Example 7 2-C(6-Azachroman-5-yl )methyl]thiobenzimidazole (Formula 
I: A and B are hydrogen, X is ==S, D is the fomiUla II 
substituent, V Is =0, and n is one) 
Refer to Chart A (conversion of A-l and A-2 to A-3). 
35 Following the procedures of Examples 1, 3, and 5, and using 0.065 

g (0.432 iranol) of 2-mercaptobenzimidazole and 0.079 g (0.432 mmol) of 
the product of Preparation 25, the titled compound is prepared. The 
yield is 72 mg of a white solid. High resolution mass spectum: 
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Calcd. for CieH^^NgOS: 298,1014; Found: 298.0996. 
Example 8 2-[(6-AzachPoman.5-yl )methyl]sulfinylbenzi'mida2ole 
(Formula I: A and B are hydrogen, X is =S0, D 1s the 
Formula II substltuent, V is »0, and n is one) 
5 Refer to Chart A (conversion of A-3 to A-4). 

Following the procedures of Examples 2, 4, and 6, and employing 
0.072 g (0.242 mmol) of the product of Example 7, the titled crystals 
are prepared. The yield is 40 mg. High resolution mass spectum: 
Calcd. for C^gHisNjOiSK: 352.0522; Found: 352.0532. 
10 Preparation 21 5-Methoxy-2-mercaptobenz1raida2Gl€ 
Refer to Chart H (conversion of H-1 to H-2). 

To a magnetically stirred solution of 4-raethoxy-o-phenylene- 
di amine hydrochloride (20.0 g, 0.115 mol) In 400 ml of ethanol-water 
(4:1) 1s added 2 molar equivalent of 85% potassium hydroxide solution 

15 and 20 ml of carbon disulfide. The contents are warmed in a 75-80* C 
oil bath for 2.5 hours and the solvent is removed In vacuo. To the 
residual thick slurry is added 200 ml of water, the contents heated to 
boiling, and 95% ethanol is added until a transparent solution is 
obtained. The solution is filtered, the filtrate is allowed to stand 

20 at 25** C and the resulting cyrstalline solid is collected, and washed 
with water-ethanol. Drying in vacuo affords 11.0 g of the titled 
crystals mp 253-254.2** C. Concentration of the mother liquor and 
silica chromatography (280 g, acetone-methyl ene chloride, 1:6) gives 
an additional 3.9 g of product (total 14.9 g, 72% yield).' 

25 Preparation 22 

Refer to Chart I (conversion of I-l to 1-2) 

47.85 ml (0.365 mol) of 3-(3-pyridyl )-l-propanol is dissolved in 
200 ml of dimethyl formamide and is then added to 31.02 g (0.456 mol) 
of imidazole and 58.10 g (0.383 mol) of tert-butyl dimethyl si lyl 

30 chloride. Stirring is continued at room temperature for 2 hours. At 
the end of this period, the reaction is diluted with 500 ml of water 
and extracted with ether. The extracts are dried over anhydrous 
sodium sulfate and the solvent removed in vacuo to give 103 g. of an 
oil which is chromatographed on 600 g of silica gel. Elution with 

35 Skellysolve B-ethyl acetate (3:1) affords 90.87 g of the titled 
product. The product exhibits NMR peaks (CDCl 3, «) at 8.50, 3.60, 
0.85 and by TLC shows Rf at 0.35 in Skellysolve B-ethyl acetate (2:1). 
Preparation 23 
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Refer to Chart I {conversion of 1-2 to 1-3) 
To 480 ml of 1.5M methyl lithium (0.720 mol) In ether Is added 
90.8 g (0.360 rool) of the compound of Preparation 22. The reaction is 
then heated at reflux for 24 hours. At the end of this period, the 
5 reaction mixture Is diluted with 1500 ml of ether, and carefully 
treated with 125 rol of saturated sodium sulfate solution. The ether 
solution Is decanted from the resulting solid residue and the ether is 
dried over anhydrous sodium sulfate. Concentration of the solvent in 
vacuo gives 50.14 g of a yellow oil. The crude product is chromato- 

10 graphed on 500 g of silica gel. Elution with Skellysolve B-acetone 
(4:1) affords 28.4 g of 1-3 as a mixture of 2-methyl and 6-methyl 
isomers. The mixture exhibits NHR peaks (CDCls, «) at 2.46 and 2.50 
and by TLC shows Rf at 0.50 and 0.42 in Skellysolve B-acetone (4:1). 
Preparation 24 

15 Refer to Chart I (conversion of 1-3 to 1-4) 

The product (28.4 g, 0.107 mol) obtained in Preparation 23 is 
dissolved in 60 ml of methanol and 107 ml of 2N hydrochloric acid is 
added. The mixture is stirred at 25' for 30 minutes. The mixture is 
then diluted with chloroform and neutralized with saturated sodium 

20 bicarbonate solution and solid potassium carbonate. The chloroform 
solution is separated and dried over anhydrous sodium sulfate. Con- 
centration of the solvent in vacuo gives 31.07 a of a yellow oil. The 
crude product is chromatographed on 300 g of silica gel. Elution with 
acetone-methyl ene chloride (1:1) yields 14.25 g of 1-4. an oil, as a 

25 mixture of 2-methyl and 6-methyl isomers. The mixture exhibits NMR 
peaks (CDCI3, 6) at 3.75, 2.49 and 2.57 and by TLC shows Rf at 0.26 in 
acetone-methyl ene chloride (1:1). 
Preparation 25 

Refer to Chart I (conversion of I-4'to 1-5) 

30 14.25 g (94.37 mrool) of the product obtained in Preparation 24 is 

dissolved in 100 ml of chloroform. To this solution is added over a 
period of 17 minutes 10.33 ml (141.6 nmol) of thionyl chloride 
dissolved in 15 ml of chloroform. The reaction is then heated at 
reflux for 30 minutes. At the end of this time, the reaction mixture 

35 is poured Into 150 ml of crushed ice, made basic to pH-8 with 45% 
potassium hydroxide solution, extracted with chloroform, and the 
chloroform solution dried over anhydrous sodium sulfate. 
Concentration in vacuo gives an oil which is chromatographed on 160 g 
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of Silica gel. Elution with Skellysolve B-acetone (2:1) affords 15.41 
g of 1-5, a tan oil, as a mixture of 2-methyl and e-methyl isomers. 
The mixture exhibits NMR peaks (CDCls, 6) at 3.55, 2.53 and 2.60 and 
by TLC shows Rf at 0*29 and 0.25 in Skellysolve B-acetone (3:1). 
5 Preparation 26 

Refer to Chart I (conversion of 1-5 to 1-6) 

The product (15.41 g, 91.18 mmol) obtained in Preparation 25 is 
dissolved in 160 ml of chloroform and 20.20 g (93.92 mmol) of 80% 
meta-chloroperbenzoic acid is added portionwise over a 5 minute 

10 period. Stirring at 25* C continues for 30 minutes. The reaction is 
poured into 400 ml of chloroform and successively washed with 10% 
sodium sulfite, saturated sodium bicarbonate and brine and the 
chloroform solution is dried over anhydrous sodium sulfate. Concen- 
tration of the solvent in vacuo yields 16.50 g of an oil. The crude 

15 product is chromatographed on 1 kg of silica gel. Elution with 
acetone-chloroform (1:1) containing 1-10% methanol gives initially 
5.11 g of the 6-methyl isomer and then 8.48 g of 1-6, the 2wnethyl 
isomer. The 1-6 product exhibits NMR peaks (CDCl 3, 6) at 8.30, 3.60 
and 2.57 and by TLC shows Rf at 0.30 in acetone-chloroform (1:1) 

20 containing 5% methanol. 

The 6-methyl isomer exhibits NMR peaks (CDCl 3, 5) at 8.20, 3.50 
and 2.53 and by TLC shows Rf at 0.40 in the same solvent as above. 
Preparation 27 

Refer to Chart I (conversion of 1-6 to 1-7) 

25 To a magnetically stirred solution of 20 ml of concentrated 

sulfuric acid is added portionwise 8.48 g (45.84 mmol) of the product 
obtained in Preparation 26. When the internal reaction temperature 
reaches 65** C, 10 ml of 90% fuming nitric acid is added over a 4 
minute period. The reaction contents are then heated in an oil bath 

30 at 100** c for 1,5 hours. At the end of this period, the reaction 
mixture is poured onto 200 ml of crushed ice, made basic to pH 8 with 
72 ml of 45% potassium hydroxide. The aqueous solution is extracted 
with chloroform, the chloroform washed with brine and dried over 
anhydrous sodium sulfate. Concentration of the solvent in vacuo gives 

35 an oil which is chromatographed on 125 g of silica gel. Elution with 
methylene chloride-acetone (3:1) yields 6.06 g of 1-7 as a yellow 
solid. The product exhibits NMR peaks (CDCl 3, 6) at 8.35, 7.85 and 
2.60 and by TLC shows Rf at 0.60 in acetone-chloroform (1:1) 
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containing 5% methanol* 
Preparation 28 

Refer to Chart I (conversion of 1-7 to 1-8) 

Hydrogen chloride gas is bubbled into 150 ml of absolute ethanol 
5 for 15 minutes. The product (6.06 g, 26.35 mmol) obtained from 
Preparation 27 is dissolved in 25 ml of hot ethanol and added to the 
hydrogen-chloride-ethanol solution. The reaction mixture is then 
heated at reflux for 4 hours. The reaction is cooled to room 
temperature, treated with 20 ml of saturated sodium bicarbonate 

10 solution and solid potassium carbonate until the evolution of carbon 
dioxide gas stops. The mixture is extracted thoroughly with 
chloroform, and the chloroform extract dried over anhydrous sodium 
sulfate. Concentration of the solvent in vacuo affords an oil which 
is chromatographed on 200 g of silica gel. Elution with acetone- 

15 chloroform (1:1) containing 3% methanol yields 5.17 g of 1-8 as a 
yellow solid. The product exhibits NMR peaks (CDCI3, 6) at 8.20, 
7.20, 2.60 and by TLC shows Rf at 0.34 in acetone-chloroform (1:1) 
containing S% methanol. 
Preparation 29 

20 Refer to Chart I (conversion of 1-8 to 1-9) 

The product (5.17, 23.61 mmol) obtained from Preparation 28 is 
dissolved with stirring in 100 ml of acetonitrile. To this solution 
is added 7.13 g (47.21 mmol) of 2-mercaptobenzoxa20le and 7.20 ml 
(51.94 mmol) of tri ethyl amine. The contents are heated at reflux for 

25 3 hours. At the end of this period, the reaction is allowed to cool 
to room temperature, diluted with 700 ml of chloroform, the chloroform 
is washed with 0.5 N sodium hydroxide solution and saturated brine and 
then dried over anhydrous sodium sulfate. Concentration of the sol- 
vent in vacuo gives 7.73 g of 1-9 as a brown oil. which is used in 

30 Preparation 30 without further purification. The product exhibits NMR 
peaks (CDCla, 6) at 8.15, 3.40, 2.57 and by TLC shows Rf at 0.32 in 
•acetone-chloroform (1:1) containing 5% methanol. 
Preparation 30 

Refer to Chart I (conversion of 1-9 to I-IO) 
35 To a magnetically stirred solution of the product 8.05 g (24.10 

nmwl) in 150 ml of 95% ethanol obtained in Preparation 29 is added 
4.82 ml of ION sodium hydroxide. The reaction is then heated at 
reflux for 2 hours. At the end of this time, the reaction is cooled 
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to room temperature, diluted with chloroform, the chloroform- solution 
is washed with water and brine and dried over anhydrous sodium 
sulfate. Concentration of the solvent in vacuo gives an oil which is 
chronatographed on 325 g of silica gel* Elution with 5%. methanol in 
5 chloroform-actone (1:1) yields 2.92 g of I-IO as a crystalline white 
solid. Th^ product exhibits NMR peaks {CDClg, 6) at 8.05, 6.90, 3.00, 
2.53 and by TLC shows Rf at 0.26 with 10% methanol in chloroform- 
actone (1:1). 
Preparation 31 
10 Refer to Chart I (conversion of NIO to I-ll) 

Following the same procedure as described for Preparation 13, 
2.92 g (16.13 mmol) of I-IO gives 2.44 g of I-ll as a yellow oil. The 
product exhibits NMR. peaks (CDCla, at 8.20, 7.05, 5.20, 2.17 and by 
TLC shows Rf at 0.29 in Skellysolve B-actone (3:1). 
15 Preparation 32 

Refer to Chart I (conversion of I-ll to 1-12) 
Following the same procedure as described for Preparation 14, 
2.44 g (10.94) of I-ll yields 1.96 g of 1-12 as a white crystalline 
solid, mp 97-99*C. The product exhibits NMR peaks (CDCla* «) at 4.63, 
20 3.00, 2.60, 2.15 and by TLC shows Rf at 0.21 in Skellysolve B-actone 
(3:1). 

Preparation 33 

Refer to Chart I (conversion of 1-12 to 1-13) 
Following the same procedure as described for Preparation 15, 
25 1.96 g (10.83 mmol) of 1-12 affords 2.11 g of 1-13 as a reddish oil. 
The product by TLC shows Rf at 0.60 in methylene chloride-actone (6:1) 
and is used directly in the next step without further purification. 
Example 9 2-C(5-Thia-5,6,7,8-tetrahydroisoqu1nolin-l-ylmethyl)- 
thio]-benzimiddzole (Formula I: A and B are hydrogen, 
30 X»S, D is the Formula II substituent, V is =S, n is 1) 

1.59 g (10.60 mmol) of 2-roercaptobenzimidazole is placed in 35 ml 
of 95% ethanol and 2.11 g (10.60 mmol) of the product obtained in 
Preparation 33 dissolved in 20 ml of 95% ethanol and 2.12 ml of ION 
sodium hydroxide solution are added. The reaction is heated at reflux 
35 for 0.5 hours. At the nd of this time, the reaction mixture is 
allowed to cool to room temperature, diluted with chloroform, and the 
chloroform solution is washed with water, 0.5N sodium hydroxide 
solution and brine and dried over anhydrous sodium sulfate. 
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Concentration of the solvent in vacuo gives a crystalline solid. 
Recrystallization from ethyl acetate-actone-methanol (1:1:0.1) solvent 
yields 3.20 g of product, mp 211-212" C. High resolution mass 
spectrum: Calcd. for CieHisNaSaK: 352.0344; Found: 352.0346. C, H 
5 analysis: Calcd for C. 61.34; H, 4.79; N. 13.42; S, 20.45; Found: C, 
60.78; H. 4.94; N, 12.99; S, 19,93. The product by TLC shows Rf at 
0.43 in chloroforra-actone (3:1). 

Example 10 2-[(5-Thia-5,6,7,8-tetrahydroisoquinolin-l-ylmethyl )- 
sulfinylD-benzimidazole (Formula I: A and B are 
10 hydrogen, X Is -SO, D Is the Formula II substituent, V 

is »S, n is 1) 

Following the procedures of Examples 2, 4, 6 and 8 and employing 
1.124 g (3.59 mmol) of the product of Example 9, the titled crystals 
are prepared. The yield is 0.644 g, mp 161-162" C (from ethyl 
15 acetate-acetone-methanol ) . High resolution mass spectrum: Calcd. for 
CieHisNaOSzK: 368.0294; Found: 368.0286. C,H analysis: Calcd. for 
CieHisNaOSz: C. 58.36; H, 4.56; N, 12.77; S, 19.45. The product 
exhibits NMR peaks (CDCI3, «) at 8.20, 4.80, 3.00-2.70, 2.10 and by 
TLC shows Rf at 0.42 with 2% methanol in acetone-chloroform (1:1). 
20 Example 11 2-C(5,6,7,8-Tetrahydroquinoline-2-yl )methyl]sulfinyl- 
benzimidazole (Formula I: A and B are hydrogen, X is 
=S0, 0 Is the formula IV substituent, V is -CHj, and n 
is one) 
Refer to Chart A, scheme 2. 
25 2-CLithium-methylsulfinyl]benzimidazole (0.1 mol) is dissolved in 
150 ml of benzene and 0.1 mol of l-chloro-5,6,7,8-tetrahydroisoqu1no- 
line are added and the mixture refluxed for 2 hr. The lithium 
chloride is filtered off, and the solution is concentrated in vacuo. 
The residue is crystallized from ether and recrystallized from ethyl 
30 acetate, acetone, or ethyl acetate-acetone solvent mixtures. 

Example 12 2-C(5-oxa-5, 6,7, 8-tetrahydroisoqui noli n-l-ylmethyl)- 
s ul f i ny 1 ]-5-tri f 1 uoromethy 1 be nzi mi d azo 1 e 
Refer to Chart A, scheme 3. 

22.1 g (0.10 mol) of 5-trifluoromethyl-2-chlorobenzimidazole and 
35 19.91 g (0.11 mol) of 3,4-dihydro-2H-pyrano[3,2-c]-2-thiomethylpyri- 
dine in 250 ml of isopropanol are heated under reflux for 10 hours. 
The solvent is removed in vacuo and ice water is added to the residue. 
The resulting solid is removed by filtration and then oxidized 
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following the procedures of Examples 2, 4, 6, 8 and 10 to yield the 
title compound 9 mp 160^ C (dec). 

Example 13 2-[(5-thia-5,6,7,8-tetrahydroisoquinol 1 n-l-ylmethyl )- 
sul f i ny 1 ]-5-t ri f 1 uoromethyl benzimi dazol e 
5 Refer to Chart A, scheme 4. 

1.76 g (8.0 mmol) of 5-trifl uoromethyl -o-phenylenedi amine and 
2.17 g (9.0 mmol) of 3,4-di hydro-2H-thiopyranoC3,2-c]-2- 
carboxyth^omethylpyrid^ne are heated under reflux for 2 hours in 20 ml 
of 4N hydrochloric acid. The mixture is neutralized with ammonia. 
10 The solution Is then extracted with chloroform, the chloroform removed 
in vacuo and the resulting product oxidized following the procedures 
in Examples 2, 4, 6, 8, 10, and 12 to give the title compound. 
Example 14 

Following the procedures of Charts A-J, as depicted in the 
15 proceeding Examples, the following compounds are prepared: 

2-[(5-thia-5,6,7,8-tetra.hydroisoquinolin-3-yl methyl) -sul fi nyl]- 
benzimi dazol e; 

2-C(5-oxa-5,6,7,8-tetrahydro1 soqu1 nol i n-3-yl methyl ) -sul f i nyl ]- 
benzimidazole; 

20 2-C5,6,7,8-tetrahydroisoqu1nolin-3-ylmethyl)-sulf1nyl]benzimida- 
zole; 

2-[(ff-thia-5,6,7,8-tetrahydroi5oquinolin-3-yl methyl )-sulfi nyl ]- 
benzimidazole; 

2-C (8H)xa-5,6 ,7,8-tet rahydrol soqu i nol i n-3-yl methyl ) -sul f i nyl ]- 
25 benzimidazole; 

2-[(3,4-dihydrothieno[3,2-c]-pyridin-2-ylmethyl)-sulf1nyl]- 
benzl mi dazol e; 

2-C(3,4-dihydrofuro[3,2-c]-pyridin-2-ylmethyl)-sulfinyl]benz- 
imidazole; 

30 2-C(5,6.d1hydrothieno[3,2-d]-pyridin-2.ylmethyl)-sulfinyl]- 
benzimidazole; and 

2-C(5,6-dihydrofuroC3,2-d]-pyridin-2-ylmethyl )-sulfinyl ]- 
benzimidazole. 



35 
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CHART A 
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CLAIMS 



A compotiKd 6f tKe fdnnuTS I: 




wherein X Is 

(a) =S, OP 

(b) «S0; 

wherein A and B are the same or different and are 

(a) hydrogen, 

(b) -ORi. 

(c) . -CORi. 

(d) -CO2R1, or 

(e) -CO2M; 
wherein is Cl-C,^ alkyl; 

wherein M Is a pRarmacologlcal ly acceptable cation; 

wherein D is a bicyclic substituent of the formula II, III, or IV 




II 



III 




wherein V is 
(a) =0. 



IV 
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(t>) OP 
(c) KHzi and 
wherein n Is zero or one . 

5 2. A compound of claim 1, wherein A and B are hydrogen, X 1s »S0, and 
D Is a b1 cyclic substltuent of the Formula II. 

3. A compound of claim 2 selected from the group consisting of: 

2-C(6-Azachroman-5-yl )methyl]sulfiny1benz1m1dazole; 

10 2-[(5,6.7,8-Tetrahydroqu1nolin-2-yl)methyl]th1o-5-methoxyben2im1- 
dazole; 

2-C(5,6,7.8-Tetrahydroqu1 nol i n-2-yl ) methyl ]sul f1 nyl - 
S-methoj^benzi mi dazol e ; 

2-C(5,6.7,8-Tetrahydroisoqu1nol1n-l-yl)methyl]th1o-5-niethoxybenz- 
15 imidazole; 

2-C(5,6,7,8-Tetrahydro1soqu1nol1n-l-yl )methyl]sulf1nyl-5-methoxy- 
benzlmldazole; 

2-C(6-A2achroman-5-yl)methyl]th1o-5-fflethoxybenz1ro1dazole; 
2-[(6-Azachroman-5-yl)methyl]sulfinyl-5-methoxybenz1m1dazole; 
20 2-[(6-A2achroman-5-yl )methyl]thiobenzimidazole; 

2-C(5-Thia-5,6,7,8-tetrahydro1soqu1nol1n-l-ylmethyl )-thio]- 
benzlmldazole; and 

2-[(5-Thia-5,6,7,8-tetrahydroisoqu1nol1n-l'-yl methyl )-sulf Inyl]- 
benzimldazole. ' ■ 

25 

4. 2-[(5,6,7,8-Tetrahydroisoquinolin-l-ylmethyl )-sulf1nyl ]- 
benzlmidazole, a compound of claim 3, 

5. 2-C(5-Th1a-5,6,7,8-tetrahydroisoqu1nol1n-l-ylraethyl)-sulfinyl]- 
30 benzlmidazole, a compound of claim 3. 
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